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The skin of the rhino mouse, an allelic variant of the 
hairless mouse, contains deep dermal cysts and huge 
numbers of hornfilled utriculi which resemble come-
dones. 
Chemicals which influence either differentiation or 
desquamation of horny cells were applied topically twice 
daily for up to 6 weeks. 
Except for the dermal cysts, the gross epithelial ab-
normalities were almost completely corrected by reti-
noic acid in a dose-dependent fashion. Salicylic acid 
caused partial emptying of the horny masses, but the 
utriculi did not regress. Lactic acid, propylene glycol and 
benzoyl peroxide had minor effects on keratinization 
and exfoliation. 
The rhino mouse is a suitable model for assessing 
chemicals which affect epithelial differentiation (reti-
noids) or which promote loss of cohesion between horny 
cells (descaling agents). 
The rhino mouse (hr~hhrrh) is allelic to the more familiar 
smooth-skinned hairless (hrhr) variety. Phenotypically, it be-
comes curiously unhandsome with its nudity draped into rhin-
ocerous-like folds, flaps, and ridges. Newborns develop a normal 
coat of hair. After a couple of weeks, when the follicle begins its 
involution to a resting stage (telogen), a fault in catagen results 
in premature hair loss. The animal becomes completely bald in 
another 4 weeks and a second pelage never occurs. The reason 
is that remnants of the papillae and external root sheath epi-
thelium become separated from the ascending follicle during 
catagen. The follicle fails to reconstruct itself. Instead, the 
sequestered epithelium develops into horn-producing cysts 
which become permanently situated in the deep dermis and 
enlarge as the animal ages. Meanwhile, the original pilary 
canals, now deprived of their papillae, transform into ampulli-
form cavities or utriculi which become filled with solid impac-
tions of horny cells resembling those of human open comedones. 
However, these are not visible to the naked eye. Nor do they 
contain Propionibacterium acnes. Although the . impactions 
seem looser than human comedones, they cannot be squeezed 
out between the fingers. As in human acne, the sebaceous 
glands progressively shrink as the pseudocomedones form and 
enl~rge. Mann [1] has presented a thorough description ofthese 
CW·IOUS changes. 
The rhino mouse is a short-lived, deficient animal with many 
conspicuous skin anomalies. The subcutaneous tissue is scanty. 
The sagging, redundant skin, resembling the human disorder 
cutis taxa, derives from the same defect, namely, a paucity of 
elastic fibers. 
Forbes [2] has shown the rhino skin to be exquisitely sensitive 
to the carcinogenic effects of 7,12-dimethylbenz(a)anthracene 
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Abbreviations: 
DMBA: 7,I2·dimethylbenz(a)anthracene 
SLS: sodium lauryl sulfate 
(DMBA) . According to Davies [3] oral vitamin A inhibits 
DMBA carcinogenesis. Although there is no evidence that the 
rhino mouse suffers from Vitamin A deficiency [4], the follicular 
and epidermal hyperkeratoses are similar to those which occur 
in hypovitaminosis A. Fraser [5] and Mauer [6] tried to correct 
the various anomalies with oral vitamin A. Hair loss could not 
be prevented and pseudocomedones did not regress. Early 
administration produced some reduction of the dermal cysts. 
This was found also by Davies, Forbes, and Johnson [7J-
In a preliminary way, Van Scott [8] investigated the effect of 
various antiacne topical medicaments on the rhino mouse. He 
reports a slight reduction in follicular horny impactions with 
resorcin and benzoyl peroxide. Retinoic acid, on the other hand, 
brought about a great decrease, while halowax (chloronaphthal-
ene) enlarged the horny impactions. 
We wondered whether the rhino mouse would furnish a 
useful model for studying the action of drugs which influence 
the keratinization process in different ways. First and foremost 
are retinoids which mainly affect differentiation [9]; then, there 
are chemicals, such as salicylic acid, which principally affect 
the cohesiveness of horny cells [10], a category into which 
propylene glycol might also be fitted . Baden [11] has found that 
occlusive application of propylene glycol will remove large 
scales in conditions such as lamellar ichthyosis. Lactic acid, one 
of the alpha-hydroxy acids, was found by Van Scott and Yu 
[12] to aid in normalization ofthe faulty epidermis in hereditary 
ichthyotic disorders. The antibacterial agent, benzoyl peroxide, 
has also been reported to have modest keratolytic activity 
[13]. Nonspecific "peeling" agents which are cutaneous irritants, 
such as sodium lauryl sulfate, were also examined. Because 
squalene is known to be comedogenic in rabbit ears [14], its 
potential for enhancing pseudo comedones was tested. 
MATERIALS AND METHODS 
Animals 
Hairless rhino (hr,hhr'") female mice were obtained from the Skin 
and Cancer Hospital of Temple University Health Sciences Center. 
The mice were 6 to 8 weeks old at the beginning of the experiments. 
Eight animals comprised a treatment group. 
Chemicals and Test Procedures 
Concentrations of 0.05%, 0.025%, 0.01%, and 0.005% of retinoic acid 
(tretinoin) were prepared for us in gel form by Johnson & Johnson Co., 
New Brunswick, N.J. In addition, crystalline retinoic acid, supplied by 
Hoffmann-La Roche, Nutley, N.J., was prepared in 70% ethanol con-
taining 5% polyethylene glycol 300 in the following concentrations: 
0.005%, 0.0016%, 0.0005%, and 0.00016%. 
The retinoid RO-21-6583, supplied in crystalline form by Hoffmann-
La Roche, was dissolved in the same ethanolic vehicle at 0.05%. Benzoyl 
'peroxide was applied as a 10% gel (Desquamex-l0, Westwood Phar-
maceuticals, Inc., Buffalo, N.Y.) . Salicylic acid was dissolved in the 
ethanoLic vehicle at 10%, 5%, and 1% concentrations. Lactic acid and 
sodium lauryl sulfate (SLS) were prepared as 10% aqueous solutions. 
Propylene glycol and squalene were used without dilution. Vehicle 
controls were included as well as nontreated controls. 
The test agents were applied to the entire dorsal trunk twice a day, 
5 times a week for up to 6 weeks. Liquids were dispensed in 100 JLl 
amounts with an automatic micropipette. The gels were spread in a 
thin film with a cotton· tipped applicator. 
Retinoic acid was also administered orally with an automatic micro-
pipette. The dosage was 6 and 25 /L.gm once daily, 5 times weekly, 
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obtained by administering 100 1-'1 of 70% ethanolic solutions, 0.006% and 
0 .025% respectively. 
Biopsies 
Four animals in each group were sacrificed at 3 and 6 weeks. Samples 
were obtained from a few animals at 1 and 2 weeks. Sections of skin 
from sacrificed animals were fixed for light microscopy and stained 
with hematoxylin and eosin. 
RESULTS 
Controls 
The vehicle controls were indistinguishable from untreated 
age-matched controls. Histologically, before the start of treat-
ment, the pseudocomedones were arranged in dense rows, each 
with its atrophic sebaceous gland. The scant interfollicular 
e pidermis was 3 to 6 cells thick, including 1-3 layers of granular 
cells. The stretched epithelial lining of the pseudocomedones 
was thin, with only 2 to 4 cell layers. The stratum corneum was 
thickened (hyperkeratotic) and loosely organized (Fig 1). 
During the 3- to 6-week treatment period the only changes 
were a slight enlargement of pseudocomedones with greater 
compaction of the horny cells and a marked increase in the 
number and size of the dermal cysts (Fig 2). The gross sagging 
and wrinkling became more pronounced. 
Retinoic Acid 
The effects of retinoic acid were striking and markedly dif-
ferent than the other agents. Inflammatory changes were min-
imal, with slight scaling and intensification of the normal pink 
color. With the highest concentration, 0.05%, the rhino appear-
ance was greatly reduced with far less wrinkling and sagging, 
readily apparent by three weeks (Fig 3) . 
Microscopic examination at 3 weeks (Fig 4) revealed a hy-
perplastic interfoUicular epidermis of 7-10 cells with a well-
developed granular layer of 4-5 cells. Columnar basal cells with 
prominent basophilic nuclei in orderly array produced hyper-
plastic Malphigian cells with well defined borders. The stratum 
corneum was thinner and more compact. The most conspicuous 
change under scanning power was the virtual disappearance of 
pseudocomedones. Most follicles became short, narrow, non-
hyperplastic, pilary canals with distinctly enlarged sebaceous 
glands. Moreover, there were long stretches where it appeared 
as though involution of pilary structures was complete, leaving 
a normal epidermis with well-defined granular and horny layers. 
The deep dermal cysts were unaffected, though some were 
surrounded by a mild lymphocyte inflltrate. 
The dermis seemed thickened by an intense fibroplasia, with 
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F IG I. Untreated rhino skin at 7 weeks. Note high density of horn, 
filled utriculi (pseudocomedones) (H & E, reduced from X 125) . 
FIG 2. Untreated mouse skin at 10 weeks. Horny impactions in-
crease with age (H & E, reduced from X 125) . 
FI G 3. Retinoic acid treated mouse and untreated sibling. Daily 
application of 0.05% retinoic acid for 3 weeks has virtually effaced the 
wrinkles and fo lds. 
FI G 4. Skin after 3 weeks of daily treatment with 0.05% retinoic 
acid. The pseudocomedones have disappeared and there is a differen-
tiation toward normal skin (H & E, reduced from X 125) . 
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the fibroblasts in parallel array. The collagen bundles were 
large and densely packed. There was no evidence of edema and 
only a mild engorgement of blood vessels with erythrocytes in 
the deeper dermis. 
The normalizing effects were decidedly dose-dependent with 
a clearly discernible result in 3 weeks, even at the 0.0005% 
concentration (Fig 5). With all concentrations the effects were 
not greater at 6 weeks than after three. With the highest 
concentrations, the return to a more normal architecture was 
already evident by 1 week. Doses lower than 0.05% produced 
progressively less normalization. The lowest dose, 0.00016%, 
produced only a minor decrease in the size of the pseudoco-
medones. There was no perceptible effect on the gross appear-
ance of wrinkling with this concentration. At equivalent con-
centrations. the effects were the same for the alcoholic and gel 
vehicles. 
Oral retinoic acid was considerably less effective. The higher 
dose of 25 ,.,.I was too toxic. Only 1 mouse survived the 6 weeks 
of treatment and its improvement was not as great as the same 
dose topically applied. The lower dose of 6 III was fairly well 
tolerated but was not as effective as 0.005% topically. It is 
noteworthy that the gross redundancy and wrinkling of the skin 
was markedly reduced; this aesthetic improvement was accom-
panied by fine scaling after about 3 weeks. 
RO 21-6583 
This retiilOid was considerably less effective than retinoic 
acid. A concentration of 0.05% was approximately equivalent to 
0.0005% retinoic acid, a hundredfold difference in effectiveness. 
There was a slight decrease in the size of the pseudocomedones. 
There was no epidermal' hyperplasia or reduction in wrinkling. 
Benzoyl Peroxide 
Histologically, there was acanthosis of the epidermis (7 to 8 
cell layers thick), with an equal hyperplasia of the follicular 
epithelium (Fig 6). These changes were associated with thick-
ening of the stratum corneum, diminution of the granular layer 
and spotty parakeratosis. The dermis showed edema, a dense 
infIltration by polymorphonuclear leukocytes along with en-
gorgement of the vessels with erythrocytes, resulting in an 
appreciable thickening ofthe dermis. In consequence, the pseu-
docomedones were squeezed into an elongated columnar shape. 
This remodeling gave rise to the impression of enlargement of 
the sebaceous glands. At scanning power, the narrowed, elon-
gated follicles with the horny impactions compressed into dense 
masses formed neat rows in the thickened dermis. There was 
FIG 5. Skin after 3 weeks of daily treatment with 0.0005% retinoic 
acid. This is close to the threshold dose and only partially obliterates 
pseudocomedones (H & E, reduced from X 125). 
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FIG 6. Treatment with 10% benzoyl peroxide for 3 weeks. The 
follicl es are elongated and cylindrical but horn impac tions persist (H 
& E, reduced from X 125) . 
no sign of involuted pilary structures. The deep dermal cysts 
were unaffected. 
The treated skin was dry and dull, nonred, with no decrease 
in wrinkling and folding . 
Salicylic Acid 
Histologically, aside from slight epidermal hyperplasia, seen 
only with 10% salicylic acid, the noteworthy change was a 
moderate reduction in the quantity of horny material within 
the pse).ldocomedones which otherwise retained their shape 
(Fig 7). The core of the horny impaction often seemed empty 
as if the contents had been lost. All concentrations showed this 
effect when compared with the 9-week-old untreated mouse 
(Fig 2). The skin was somewhat smoother but otherwise not 
notably altered. 
Lactic Acid 
No gross or histologic change occurred except for a moderate 
decrease in the horny content of the pseudo comedones when 
compared with its age-matched control. 
Propylene Glycol 
Grossly and microscopically, full-strength propylene glycol 
produced only one change, namely, a reduction in the amount 
'of horny content of the pseudocomedones, similar to that seen 
with salicylic and lactic acids. 
Squalene 
Unlike the other agents, squalene provoked a mild erythema 
with a definite intensification of wrinkling. The epidermis and 
follicular epithelium thickened to 8-10 cell layers, and 6-8 cell 
layers respectively, each with a prominent granular layer (Fig 
8). The stratum corneum likewise thickened. Although many 
pseudocomedones narrowed, the horny contents became much 
more dense. Paradoxically, the sebaceous glands associated 
with the narrowed follicles appeared enlarged. 
Sodium Lauryl Sulfate 
10% SLS produced a fine scaling of the dorsal skin but no 
other gross change. Microscopically the epidermis became mod-
erately hyperplastic (6-8 cell layers) with little change in the 
thickness of the follicular epithelium (3- 4 cell layers). The 
horny layer was hyperkeratotic with many cell layers. Many 
follicles became less distended. Nevertheless, the horny con-
tents remained largely unchanged. The dermis was slightly 
more cellular with a mild infiltrate of leukocytes. 
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FIe 7. Treatment with 5% salicylic acid for 3 weeks. The shape of 
the utriculi is unchanged but the horny contents have been loosened 
and appreciably lost (H & E, reduced from X 125). 
FIG 8. Treatment with squalene for 3 weeks. The follicles are hy· 
perplastic and contain dense horn (H & E, reduced from x 125). 
DISCUSSION 
The outstanding fmding was the capacity of retinoic acid to 
restore the bizarre architecture of rhino mouse skin to a nearly 
nonnal appearance. Grossly, the treated skin became as smooth 
as the allelic hairless mouse; the redundant folds and wrinkles 
were totally effaced. Many pseudocomedones appeared to in-
volute completely and the remaining pilosebaceous units would 
be judged to be normal except for the absence of hair. Only the 
deep dermal cysts remained unchanged. 
The net effect of retinoic acid was a normalization of the 
altered epithelial structures. This was particularly noteworthy 
in the epidermis which developed a stout granular layer and a 
more orderly, less hyperkeratotic stratum corneum, accompa-
nied by acanthosis. These changes are reminiscent of those 
which occur in human skin. The emptying-out of the horny 
content is analogous to the comedolytic effect of retinoic acid 
in humans. As in human comedones with their atrophic seba-
ceous glands, loss of the horny impaction is accompanied by 
enlargement of the sebaceous glands [15]. On the other hand, 
the apparent total involution of the abnormal follicles is a 
unique event. The possibility exists that the long stretches of 
follicle-free epidermis are a sectioning artifact, resulting from 
the 3-dimensional narrowing of the pseudocomedones. Serial 
sections indicate this may be true to some extent, but it is not 
the entire answer. Preliminary studies on whole mounts of heat-
separated epidermis confIrm the impression of total involution. 
Furthermore, benzoyl peroxide, squalene and SLS narrowed 
follicles without thinning the density of follicles . 
Earlier, Van Scott [8] observed the return of pseudocome-
dones to near-normal follicular structures in rhino mice treated 
with retinoic acid. He makes no mention of the remarkable 
follicular involution, nor of the acquisition, grossly, of a smooth, 
non wrinkled skin which impressed us so much. Likewise, with 
oral vitamin A, Davies, Forbes, and Johnson [7] saw acanthosis, 
some reduction in the cutaneous defects and, beyond this, little 
that was noteworthy. 
What accounts for the remarkable transformation of the 
unshapely, wrinkled rhino skin to that of the smooth appear-
ance of the hairless allele? One might have predicted that 
inflammation of the dermis with its accompanying edema would 
fill out the skin and efface the wrinkles. The results with 
benzoyl peroxide speak otherwise; the redundant skin hung 
down as pathetically as ever. Furthermore, retinoic acid did not 
produce notable inflammatory changes in the rhino skin. It 
remains speculative, but aside from the intense fibroplasia 
coupled with involution of follicular structures induced by 
retinoic acid, there appears to be no other explanation. We 
intend to study the dermal changes further using special his-
tologic stains and the electron microscope as well. 
Because some of the gross and histologic abnormalities in the 
rhino mutant resemble those in vitamin A-deficient animals 
and humans, it has been suggested [5] that the effect of the 
retinoids is to relieve such a deficiency. However, frank vitamin 
A deficiency is extremely difficult to produce in animals, in-
cluding normal and rhino mice [4,6]. The reports of hypovitam-
inosis A in rats [16,17] are unconvincing; the observations of a 
thinning and roughened pelage as well as atrophy of fat and 
follicular structures did not take hair cycles into consideration 
[18]. Although it is possible to observe follicular keratinous 
plugs in vitamin A deprived rats [17], there is little reason to 
suppose that the abnormalities in rhino skin are a reflection of 
vitamin A deficiency [4], or that the results we obtained are 
due to a correction of that deficiency. 
Our results are perhaps not altogether surprising in view of 
the therapeutic effects of retinoic acid in disorders of keratini-
zation, viz., acne [15], ic\:lthyosis [19], Darier's disease [20], etc., 
in which the horny cells tend to be unusually cohesive and pile 
up in thickened masses. Though the mode of action is entirely 
unknown and the responsive disorders of diverse nature, the 
common thread is the normalizing of abnormal patterns of 
differentiation, so that the final product, the horny layer, 
achieves healthy status. One mechanism of action for retinoic 
acid might be similar to the neuraminidase-like changes induced 
by vitamin A on cell surfaces [21]. 
Systemic toxicity is a limiting factor whether retinoic acid is 
given orally or topically. Davies' et aI highest oral doses, 1000 
Iu/gm of feed, killed the mice in a few weeks, though they lived 
long enough to show some loss of the horny contents of the 
pseudocomedones [4]. Mauer [6], in his long-term studies, was 
obliged to use lower oral doses as a result of which he failed to 
observe the effects reported herein. In any case, we found oral 
retinoic acid in tolerable doses to be substantially less effective 
than topical application. 
Also worthy of note was the broad range of responses pro-
duced by the different agents we applied. The effect of benzoyl 
peroxide seems to be adequately explained by the dermal 
inflammation it provoked. At first glance, the changes are very 
striking, a great narrowing and elongation of the follicles. Van 
Scott [8] saw that and assumed it signified restoration of the 
follicle to normal. On further analysis, this turns out to be 
nothing more than a reshaping by the dermal edema. Although 
benzoyl peroxide is reported to be mildly keratolytic [8,13], this 
was not evident in the rhino mouse. The horny material, 
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t ra pped in the narrowed follicular lumen, becomes compressed; 
hence, its density is difficult to assess. 
SLS, a known irritant, evoked mild dermal inflammatory 
cha nges. N evertheless, some follicles narrowed, with a resultant 
elongation. Although the dermal changes were nowhere as great 
as with benzoyl peroxide, even a slight buttressing of the 
epithelial surfaces will cause a reshaping of the pseudocome-
dones in the very plastic skin of this animal. This does not, 
however, mark a really fundamental change. 
Salicylic acid, not so much a keratolytic agent in the chemical 
sense as an exfoliant or descaling drug, behaved in a rather 
typical way. It tended to cause an exfoliation of horny material 
in t he impacted follicles with no effect on differentiation. Davies 
and M arks [10] have demonstrated this descaling effect in 
humans. 
Propylene glycol and lactic acid behaved much like salicylic 
acid in t his system. As reported for human ichthyotic conditions 
[11,12], both agents appeared to exert moderate action in lessen-
ing the cohesiveness of horny cells, allowing for partial removal 
of hyperkeratotic impactions. 
S qualene, a component of human sebum, is comedogenic in 
the rabbit ear. In the rhino mouse, the effects were difficult to 
interpret. The horny contents became denser but as a result of 
epidermal and follicular hyperplasia, the follicles narrowed. As 
with benzoyl peroxide, configurational cha nges complicate in-
terpretation . 
The rhino mouse is capable of displaying a broad range of 
responses to topically applied agents. Because of the extreme 
plasticity of its skin, the rhino mouse may be an imperfect 
model for assessing comedogenic agents. Other models, such as 
the rabbit ear , are probably superior for these purposes. Since 
the horny impactions increase with age, older mice may still 
prove suitable for a comedolytic assay. The rhino mouse ap-
pears to be especially valuable for assaying retinoids or other 
agents which affect epithelial differentiation. The sharply dose-
dependent results, and the differential response with the 2 
retinoids tested, give promise of yielding reliable pharmacologic 
data quickly with small groups of animals. 
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